We report a case of serious neurologic injury due to inadvertent epidural injection of 8 ml of the antiseptic 2% chlorhexidine in 70% alcohol during a procedure aimed to relieve the pain of labour. This resulted in immediate severe back pain, progressive tetraparesis and sphincter dysfunction caused by damage to the spinal cord and nerve roots. Subacute hydrocephalus necessitated drainage, but cranial nerve and cognitive function were spared. Magnetic resonance imaging documented marked abnormality of the spinal cord and surrounding leptomeninges. In the ensuing eight years, there has been clinical and electrophysiological evidence of partial recovery, but neurologic deficit remains severe.
. Typically, the neurological consequences have been devastating and irreversible. The causative agent has usually been uncertain, but the use of chlorhexidine in alcohol for skin antisepsis has been common to most recent reports 5, 7 . The pathogenic role of alcohol itself is unclear.
We report a case of severe neurological complications following inadvertent injection of 2% chlorhexidine in 70% alcohol into the epidural space. We compare the clinical course and radiological findings of our patient, in whom the causative agent is beyond doubt, to previously reported cases in which the cause has been speculated. We present clinical and electrophysiological evidence of partial recovery, but neurologic deficit remains severe. This report is published with written consent from the patient.
Case history
A 32-year-old primigravida presented at term in early labour in mid-2010. An epidural for pain relief was performed by the duty anaesthetist. Lightly tinted 2% chlorhexidine in 70% alcohol was decanted into a metal pot on the sterile field. Sterile saline was decanted into a second metal pot, which was placed at the opposite end of the field. Asepsis of the back was performed using a swab soaked in the antiseptic. The epidural needle was placed uneventfully using the loss-of-resistance to saline technique. The procedure was complicated by suspected intravascular placement of the epidural catheter, which was removed. During the repeat procedure, the loss-of-resistance syringe was filled in error with fluid from the pot containing the antiseptic, which was injected into the epidural space. This resulted in immediate, severe back pain. The error was identified, the procedure was abandoned, and the patient and her husband were informed of events. There was no sign of dural puncture. Subsequently, an effective epidural was placed at the level above and a normal vaginal delivery of a healthy child followed.
In the absence of evidence to suggest that cerebrospinal fluid (CSF) drainage or lavage may be of benefit, neurosurgical and neurological opinion favoured expectant treatment. Dexamethasone 4 mg sixth-hourly was administered in the hope of limiting chemically-induced inflammation.
Initially, it was difficult to assess lower limb strength due to back pain, but asymmetric proximal lower limb weakness was detectable by day 3, at which stage ankle jerks were absent but knee jerks were preserved. The plantar reflex was normal bilaterally. Lower limb weakness worsened gradually over the next two months, but the patient could still take a number of steps with the use of a two wheel walker at week 12. By then, sensation to light touch and temperature were markedly impaired on much of the left leg and the distal right leg. Neuralgic pain in the left leg was severe at times. Ultimately, the patient lost all lower limb strength and could mobilise only with the aid of an electric wheelchair.
By contrast, upper limb power and tendon jerks were within normal limits at day 30, but progressive proximal and distal weakness of the right more than the left upper limb became apparent over the ensuing months. The patient had no useful upper limb movement at the two year mark. She was unable to feed herself, grasp an empty cup or perform fine motor tasks. This improved markedly over the course of six years to the point that she can feed herself (but not use chopsticks), hold a water bottle, write, and use her mobile phone, including for texting. The right upper limb is stronger than the left.
Urinary retention necessitated catheterisation for many weeks post injury, but the patient requested that this be removed for aesthetic reasons. She subsequently agreed to the placement of a suprapubic catheter, with good effect. Constipation was an early complication and remains a challenge.
Severe depression was pervasive during the early months post-injury. Mood gradually improved without antidepressants as the patient was averse to taking medication.
Discussion
The current report establishes beyond doubt that the causative agent that gave rise to severe chronic adhesive arachnoiditis (CAA) in our patient was the antiseptic 2% chlorhexidine in 70% alcohol. Previous reports of CAA following neuraxial blockade have speculated that minute quantities of chlorhexidine might have contaminated the epidural needle as it passed through the skin 5, 7 . Our report supports the editorial by Bogod 8 , who suggested that neuraxial chlorhexidine is the critical agent that gives rise to CAA, although a conjoint role of alcohol and/or local anaesthetic has not been excluded 9 . The rate at which chlorhexidine gives rise to the clinical manifestations of CAA varies widely, and sphincter disturbance, for example, can present months 7, 10 to years 11 after exposure. The rapid deterioration of lower limb function in our patient may be due to alcohol-induced radiculopathy followed by the more gradual effect of chlorhexidine-related CAA on the cord and more caudal nerve roots. By contrast, upper limb weakness in our patient reached a nadir almost 18 months to two years after exposure.
Imaging
The initial magnetic resonance imaging (MRI) of the spine, performed on day 3, showed normal signal in the cord accompanied by subtle gadolinium enhancement of the surrounding membranes extending from the cervicothoracic junction to the mid-thoracic level. MRI of the spine performed on day 27 demonstrated arachnoiditis, i.e. epidural and leptomeningeal enhancement throughout the cord as well as CSF-containing locules, thought to be the result of adhesions.
MRI of the brain with contrast was also performed on day 27 to investigate subacute headache, mild meningism and confusion. The brain and surrounding leptomeninges were normal, but communicating hydrocephalus with transependymal extravasation was documented. The symptoms resolved subsequent to intraventricular drainage, later converted to a ventriculoperitoneal shunt. The hydrocephalus developed acutely, as was the case in Killeen's patient 7 , and was probably the result of abnormal resorption of CSF by the radiologically normal arachnoid granulations.
MRI of the spine at four months showed extensive leptomeningeal enhancement, most marked in the lower thoracic region and surrounding the cauda equina. Ultimately, the CSF space was obliterated. In addition multiple regions of high cord signal were detected. Expansion of the ventral CSF space from the craniocervical junction to C4 formed a 'megacyst', which displaced the flattened cord posteriorly (Figure 1) . A similar megacyst has been reported by others 10, 11 . Improved upper limb function in our patient occurred despite persistence of the megacyst.
Upper versus lower motor neuron injury in CAA
Our patient was left with spastic paraparesis and pronounced withdrawal reflexes. Chiprianni et al 11 similarly described spasticity in 8/16 patients with CAA, presumably reflecting spinal cord injury. In addition, needle electromyography in our patient detected profuse active denervation and early re-innervation of lower limb muscles at day 70 and well-developed re-innervation of surviving motor units over the course of years. Accordingly, the clinical presentation of such patients reflects the net effect of damage to the central (spinal) and peripheral (roots and nerves) nervous system.
Treatment options
Our patient was given a course of high-dose oral and later intravenous anti-inflammatory steroid in the hope that this might limit chemical-induced inflammation and consequent fibrosis. There was no clinical evidence of efficacy of this treatment, and the patient could not tolerate the side-effects. We did not trial anti-TNF (tumour necrosis factor) monoclonal antibodies which, in some conditions, limit inflammation. If we were faced with a similar case in the future we would strongly consider washout of the epidural space followed by lavage of the cerebrospinal fluid. Lavage of toxins from the CSF has been performed in the past, but there has never been, nor will there be, a trial to prove its safety or efficacy 12 .
Our case once again highlights the danger of having any hazardous injectable fluid, especially lightly coloured antiseptic, on the procedural setup. This has been reinforced by a safety statement by the Australian and New Zealand College of Anaesthetists and the Australian Commission on Safety and Quality in Healthcare 13 . This statement recommends the use of swabsticks to apply chlorhexidine for skin antisepsis. Contamination with the antiseptic must be prevented. The Association of Anaesthetists of Great Britain and Ireland guidelines 14 for neuraxial antisepsis goes further to support the use of 0.5% chlorhexidine in alcohol, however as this is not available as a swabstick, a dark tinted preparation must be used, and prevention of contamination is paramount.
In concluding, we draw attention to the incalculable human cost of chlorhexidine-induced CAA 15 . The iatrogenic consequences of this epidural procedure have been catastrophic, despite the couple's great strength of character in dealing with and surmounting the many challenges their young family faces. The episode has also been emotionally challenging to many of the medical, nursing and allied health staff who have been involved in the care of the patient and her family.
